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(57) Abstract 

PROBI£M TO BE SOLVED: To enable eemlconductor 
devioaa which are nearly uraform in threahcdd vidt^ja to 
be formed, by a method wherein finlehed gate electrodee 
are restrained Irom varying in work liinction due to a 
thermal proceee. 

SOLUTION: A gate electrode Is formed on a elDcon 
substrata or an SOI (sSiCTn-OTHrsulatQr), and 
impurities are Introduced into the gate electrode. Then, 
the gate electroda Is 8ub|ectKJ for activation to a 
thermal treatment carried out at a higher temperature or 
at a higher tBmparature and for a longer tme than the 
activBtion temperature of LDD regions or eouroe/drain 
regiora (high^oonu ei l ii atiui i difPiision layer). 
Thereafter, impurities are introduced into the LDD 
regiorts or the source/drain re^ons to form an impurity 
profile. A thermal treatment 2 is carried out for 
activalir^ the LDD regiona or the aourca/ drain regiona 
(hbh-conoentration diflLision layer). Therefore, a gate 
a tectroda is reatrunod from varying in work function 
due to a thermal pfooees^ and a device nearly uniform in 
threshold voltaga Vlh can ba fformad. 
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Iff ^^2 ] JilE^ft:^B;i5^-^;t^/u;6StS-|c K- 
:/$n;fe S O I SO¥^»«:|SfiT$>S w Sr^a^r-fS 

Io 0 0 1] 

10 0 0 2] 

It^*<^S*ff] so I (Silicon on Insulato^ltit^^ 30 

te^i^ii[$;6>5 0 Onniaig<^SO I «J^$^||V^T CMO 
STr LS I (^iffiil - SftSH^itSrlllSr ^:{cov^r(D 

[ 0 0 0 3 1 ^i£T'*±, SO I^®<7:>S i^^^^>{Cl 

^^oti^ikmc't^t. M^-^^-/i-^bm<^«i*j^Mos 40 

10 0 0 4] roso UT3a¥fi> s 

IMOX (Separationby I Mplanted O Xgen) 

10 0 0 5] i:r5:6^ r O^^^^M^O S O I T r ^ 
JiWNV'jXptVh K (Normally Off) -rfSK-f" 

5fc«)(C, N- MO SCD^^y— hm=BitCp- Poly Si 
t>L< ft:l^^$r^V^^W-Polycide ^^T^-^— hmSi^ffi so 



10 0 0 6] ^(Dp* Poly Si y— h ^^ttlP|S&;e»S^^ 

mm.m'^m^mmm^zft^cxmt-t^mmti.xi'X. ^ 

(1) Poly Si ^<OB<omi^^tm<OmM\ZX^^» 

(2) Poly Si <^Grain size <omM\^X^^&(0&^ 

(3) Poly Si /s 1 02 ll■®■^oB^DtlfmS'g^v^o^a 

10 0 0 7] D . Poly Si <7?Grain size ^Poly S 

1 ^(DBmm'^mi^<tm(omM\z^^^m\z^ox. m 

etaimS<ir UT(^)p* Poly Si <?5tfc<FBi»:a5g«{fc-t- 5 - 

10008] I1I22 (a) ^i^3l^0^^^^gg§:^i- 
»rffi0-efei9. 1212 2 (b) tl. ^2 2 (a) J;i^-r¥ 

^<*3^Bt^:j3it^B^ K-:7'L^^<7)</- bm<i:s.t/^ 

2 (c) 132 2 (b) \z.^ir^- hmm\c^^<om^ 

10009] m2 2 (a) tC^-T i 5 v'y='>S3E 

1 0 i<Dmm^}-thocosm<tmi o 3 35is^ttbiXs 

PolySi (D^—hmMl 0 5 7^mi>f^th^o ^(O^^. 

— YmM\os\tm2 2 (b) (c^i-J: 5*iK«it-J^j^o 

Iooio]*i;i. 13^-^ifcLLDDS«c. y— ;^/Ku 

Helios. LDDM^. y-y^/h*i^^>mi^m^^ 
mt^'^^fcatxom^m mi (a) {CTj^-rm^miom 
i^m2\cm^) itm^tL^o :i(D^<o^'-hmmi o 5 

Ji, 13 2 2 (c) \Z7i^-r^^\Z. f^Mm:<Dtti\zit-<X?o 
ly Si GraintO^fiS 1 0 9 . B <7:)tff W 1 1 1 . B 

\zx-:>xmt'r^'h(oxh^o ^-hmmi 0 5 

Rni^V 3 10 1 OJblilJiSraj^i&K 1 0 7 ;&5it 

[0 0 11] 

^<D^^m#mm(Dm^:fjmcian^^- hmmi o 5^ 

p* Poly Si (D^— hm^J^^'ik<D'y'a±;^ • p^t^-^:/ 
'oXm^±i)^^<Dp- Poly Si C0</- b®g|C0tt«^gilS 
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[0 0 12] |Sjiffl{LtC#oTRTA (Rapid T 

hermal Anneal ) (D X 0 fj:MU - ^^^(O^Mm^^m 

9>':f\zx^mmcx^nt>tix\^^(Dx. 

Poly Si (o^- hmM<oti:mmiSi<D^i^—^^m±\^x 

[0 0 13] ^(D'^^. :i(D^-hmM(Oi±^m^cD^ 

m\cnft^vxzti^m\^^tzso i t t (DVth-^m\^x^ 
a-rswiric/ifp, n^(Di&wEit. i&m^mt)<t<Dfz 

[0014] :i(DX^t£:p* Poly Si ^^—hMM 
ib\C^^it&Lf^<DBu\k S i7'/M^tC«ffl-t--<<«^W 

[0 0 15] :i<D^mn±^(Dx^fj:mm^^m,\^xfj: 
m(Di±mm^(Dmy'ti±;^\zx^^m^n^x. u^v^ 

[0 0 16] 

h mm\z^H^^m7< u^^t l d d t> u < « 

m^m^^^- h mm\cn o:it ^^m t-r^o 
[0 0 17] mimm\zm^^^^i^mm(Dmit:^mx 

J^^-rSr i::65T-^5o mmi-ixff. LDD^^-^V- 
Ku^ >^mmt-m:iy'y<>< :^<DWim<t\z^i^X. so 



P rof i le^MS $ ?S V ^ J: 5 JCi" S ^ «> IC^^RiT^ r t 
<^tt:«S P rof i leSr^ ^ V > J: 5 Jci- 5 i: V ^ 5 «Sy ;65 

[0 0 18] ^fz. ±m^^mi^mmi)*^^^^^^i)^i^-\c 

h*-:f^titi S O I S!(0*»fl:sa-cfe5 r ^ ^ssg^ L 
v\ ±IS</-hffl;«ii7)^>;^^< i:t>-Sl5^iB^5K- 

[0 0 19] ^fc. r<7>^Mom2ffi«*C«g^#3J«c^ 

[0 0 2 0] ^2^1t(;i^5^^<^3^e^^S5t*?fe-c 
\c<<fj:y)^ ^^l.fzti:^m^(0^-hmm^m^ir^ 
[0 0 2 1] 

mm(Dmm(D^mRv^mmm} mi (a) 

s o I T r (Df^KxSi: r ixic^rt;i-5^*§*t^^^;t^ 

/Uf)li^'-{Z V—y^tlitSO I T r (DiPMJiUt^^-f' 

[0 0 2 2] mi (a) tii^-fj: 5 ^-hmm^m 

;^/KW>'^Sc (il5?SS^t^^) i;:^J^^^^Ab^ 

j!56#jProfile^?i^^-t-'5o LDD®4E. V-;^/ 

2 ^Jg-To 

[0 0 2 3] mi (b) tt. *:^0^om2O^:tei7>?^^ 
(cJ:5^-r^-/^3&5;f:ii5-f- K-:7'^tiybBulk S i Stg 

h^-y^thizBulk S iS«{c?g^^ix^^^^£^{^S{X 

[0 0 2 4] IE] 1 (b) y-hmm^m 
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Vth^^^yy^ D e e p-O'^^^i^'J^— MET-- 

[0 0 2 5] j^T. mm^0'm\^x :^(o^m(omMm^ 
1 0 0 2 6 1 9ff. m 2 tc^-r i 5 ic. Kt^i^^iJ-rai^i^ 

Oli^J;tt^3St)^:bii:^:;^ h 5//-?- (Stopper) ^ffiVN^h 
[0 0 2 7] v'y=^vS« (AS«) co^® 

XA&^^^R I E (Reactive Ion Etching) I ;i<i: ^=^1/"^- 20 

(s i 02 ^) stmm^ix. :i(ommt&mm3<D±\z 
¥S^k;^tvfc3Ky v-y =ivi^(o«®tc-ixy (b 

(soiS^io) ;$s{t»$ti.^o 
[0 0 2 8] (Ejs {ci^i-J: 5 SOlStSl 

0 l;i:fctt5 S O I ^ 5 hg£Ybm7 
roy- hg!^bM7©±tC(iJ?$;5S-l 5 Onmm^<D^ 
-hmMtti:^?o\y Si m9;asitS^tu^o 
[0 0 2 9] m4\z.7r:'rx 0 l-s ::c^Poly Si m 

^Ai-^r t). Poly Si K i^-VmM) 9 1CB 40 

— K<^5C- MOS SOI Tr ^f^a^i-^>^§^^c:*5V^T 
ft. MOSTrtCp* y— P- MOSTrl'n 

[0 0 3 0] wO^. jlI5(;i:^i-cJ: 51-. 7;e-huv?;^ 
hKl Poly Si K9 (T^JitujlJ^^^js- 1 

5 Onm^ScT^S i O2 1^1 3t^^^^f\.^^ rOS i O 
2 Ml 3liy— ::^/Ki^-<^<Si«tc>f :^^>^S^aA*r5B^ so 



ie^tT^tiO, Ip-^Stopper (OffSet) Tfc^e 
[0 0 3 1] Poly Si M (y~ h®11) 9 iCIl, 

«^x.rfiaS;&5 1 0 0 o*C"T?6 o^J-ra. N2 StH^4j-e« 
^^(iiJ: m\ (a) Jc^-r*:«W^^!RtoSl 

[0 0 3 2] ro^, Ei6t;i^-t"ct s i 02 Kl 

[0 0 3 3] ^Jcl::. I117tc^i-J:5t-. wOUv?;^ hM 

1 5 Sr-^;^^ ^: UTS i O2 Kl 3;&SR I E (Reactive 
Ion Etching) {ili; "9:31-/ ^V-i/iinX^ixSo :7 

h u-v^;^ hKl 5;eiSK^^$tu^o 
[00 34] wO^, 12 8 tc^-r J: 5 t-x S i O2 K 1 
3^:-^:^^ ^ UTPoly Si ^^t^^^y^i^^MZL-^fx. 

Dfi|4^^c^^lEiao*A^5^7t?i^^o r<D|g> N- MO 

S. P- MO S^tx^ttt7)LDD®«{C^LT^A-t*5 

[0 0 3 5] JM 9 iCTj^i- J: 5 s i 02 S 1 3 
RXJ^^(Di^:^m\a^S i O2 ^;55±ta^t^, :i(OS iO 

2 ^^^5/^/<2'i5^i-^r^icJ:«9y-hm@9O{S0^ 
{;ifl3:Si 02 35^b3^5LDD Spacer(S i O2 Side 
Wall Spacer) 1 7 tm^^tl^o 

[0 0 3 6] ^-Y^^y >'mii:^i?5S^V>®g^LM 

^mmx^it'^. !Mi otc^-r<t 5»-. sr^)teigdK3<?5± 

(CJI^^ h Uv?;:^ hMl 9;ei5^tt^ttSo t^til. rc^U 
hMl 9$r-r^iJ^^ LTSO I ^ 5 O V — K U- 
i^^jffitCH^iffiifei^^A. 0!l;tf^As* iO>r:#->'aA 
}55tTt?HSo wO^, N- MOS. P- MOS^n-^tt 

(Dy-y^y K ^M«t->ftLT^A-r^^^^(?5^ffl: 

[0 0 3 7] hU-v?;^ hKl 9$r^^b^ 

«?iix:HtaS;65i 0 0 ox:. 1 
og?raT. A rgtffiSLcfi(75RTA*[iS{::J: (la 

1 (a) tC^i-*^PJ(7?^^S2[Ctg^) 
[00 3 8] mil ic^-r.J: p t^. il^£^:/n 

-fc-^tCT. S i O2 IKl 3, S ideal 1 Spacer 1 7 *5 

<tt/SO IS5<^±f::JlSrajfeSdK2 1 ^sif|3a$i^5o 

:i<D^raiPfeg^K2 Idflr^^-^^ hT^:— /^2 1 a 
3e>5Ktt^iX. rf7?=i^^i$^:5^ >'U2 1 a i$^/U2 

3fCj; !9:;tJ®J?)$^x, ;i<^y i$'/V2 3«^Jit;itigHj&2 5 

[0 0 3 9] ±fa» 1 o^iS^ii: Poiy Si m 

W-YWm 9fCB^ K->^U;feStC. Poly Si M 

1 (LDDSSc-^y-jx/KW v®*So^t^^t:MS<t 
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*A-t--5WJc^- hmM(omi±<t(oft}t<o^«im^mi. 

TV^^fc^6. hmeifT^^l^^bc^^^i^fc^^J'^iiiiSiaT- 
mWi(op* Poly Si (D^-hmm9^m^'r^^tt^'c 
# . V th^^ ^ :y ^ o/Jn ^ V ^ Ji^^i- 5 r ^ -c # 

[ 0 0 4 0 1 m«i-t^t^. LDD«i«^y->^/ Ku-r 

>®«Jt-felCX''^-r ^^O^ffl-fbt-oixT. Prof i 

1 e^M* $ V ^ J: 5 Jc-f- 5 :^ R T A^Mibm 

w^tcj:*?, LDD^«^y-^/Ki-^>-®^t7:)i£tfe 

SCOT. itiJs6^i«^raom^^t-ctsia^s^tT5 

:S5Bl«g^:;^ji-5o !9 . 'i^- hSffi (Poly Si M) 9 ^ 
[0 0 4 1] ^fc. LDD^^S-^y — K W ^^^^ 30 

iOi£lfc^^Jf^^-rsmi{::LDD^«'^y— K W 

60^MS$rtT5^J6. LDD^^^y— ^/ 

P rof i ie#-^(O^W;6stlv \ 
10 0 4 2] 2~[a2 Itt. r(D%Mt?5S2 0^jiS 

m^X^^^ Bulk s iS«{J:?^^$tb:fc*^cof'PStw 
/i-Stop 0^>?>(^^3ffiife«Art:. y-h«ffiJ;i^LTtT 

[0 0 4 3] ftT. lai 2(;i^-rJ:5lc. v-y ^^vS^g 

3 1 {;iJ±LOCOS®^{t:K3 3 j3j:t;f|2l^ii:2ftxWe 1 1 



[0 0 4 4] ^ifcjc. Ell 3 tc^-f-J: 5 t-> i^y 

he&{bM3 5(^±tCHJ?§dS— 1 5 0nni^<7:>'/— hm 
ffi^^SPoly Si K3 7;6SliS$nSo 
[0 0 4 5] rcD^. Ell 4i;i^i-J:p(;i. roPoiy S 
i mZ 7(D±J;i(^P- MO s^^^p u^:7:^ h 
MK4 1 wO:7;^- h uv^;^ hM4 1 ^-^^ 

UTfi?J;ttfBF2* ::t->-aAi-5 r ^ J; t) . Po 
ly Si M 3 7t::B;55 K-:7'$tL5o f^x 

Bulk S i {C^®^-t^->'^MOC- MOSTr^ftS-r 
S»^^;l*3V^-CI'i. N- MOSTrHln* Poly Si . P 

- MOSTrtcp- Poly Si 

[004 6] wO^. 015 JC^-Tct 5 b ^-v^ 

;^ hM4 l^S^^^ft. Poly Si m9<Dl.\Z.\tW^t'^-- 

1 5 OnmSSt^S i O2 1^4 3 ja^ita^tV-So w<OS i 

02)^4 3fi. y-;:^/KW>'«iWc><:^:^SriiAi- 
hm®J::^iA$fU5^^VNj: 5^C-r 
^)fc:^^)^7:^t<^^ ip-bStopper (OffSet) TfeSo 
[004 7] r (7!)^. 016 f::^i-ct 5 1-. s i 02 S 

Vir V ^'y:^ h^4 5;5i5?i^^$ttSo 

[004 8] 1 7 {c^i- J; 5 f-. uv^;^ h 

ffi4 5^-^;^^^b-rS i O2 SI (Stopper) 4 3dSR 
:^ hM4 5^5|^*^nSo 

[004 9] r (om. m\s Jc^i" J: 5 s i 02 IK 

4 3 ^-t:^^ t LTPoly Si M3 7 t^::^ y 

[0 0 5 0] m^. ^'-vmmz7\z.\t. m7L\'f.msit^ 
9 5 ot:T-6 o5>p^. N2 ^m^'^xmM.mz.^K^m^ 
mi (b) \z.7T^-r:i^^m<Dm^mi\z.nm tm^ 

[0 0 5 1] m7^^}^'L'DT^m^^<D^ 

A*5J:t/vth^S(7:>fcie)CD><;^-:xaA> Si 
©jO;fc«>0>r:*->'aA;55y— |s^;ffi3 7 ^ilLTfr^^ix 
5o wOfS, N- MOS. P- MO S-?rtU^tl/{C^LT 

[00 5 2] »:tc. 1 9 fii^-f- J: 5 si 02 K4 

3:S:t;^^«?5ffe±®lCfiS i Oz M^^JtH^tL. ^(DS i 

02 M^:3^5/^>'^r>'^-r'5w^tcJ:'9y— hmffis 70 
{iO^lCtlLDD Spacer S 1 O2 (Side Wall Spa 
car) 4 Itm^-^rL^o 

[0 0 5 3] ^(D'^. ^^^') :y^m±m(Dm^m\:M 
^atau^^. 1212 o«c^i-J:5tc, LOCOS^^bM 

3 3 <0±\ZVi.y:i' Y l^i^P. hJK4 9 d^Ktt bnSo »^ 

:L(OUiyyKhm4 Q^-Ty^^ tl^XiyV =^>'&&3 
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[0 0 5 4] ».\Z. yir hUv?;^ MK4 9^^*Ufc 

jm^;559 5 ot:. 1 Og^r^^T. A r ^ffl^+'ORTA 
^SlCi t?fft^S (Ell (b) \Z7§^'t^W^<O^M'^2 10 

[0 0 5 5] r o^. H 2 1 5 1-. 3l«o:7'p 

•fe;5^ICT. S i02 K4 3. Sideall Spacer 4 7 j3 
^/U5 3 (cj; t)7^Si?>$tL. rcop^ iJ'/ws 3co_tt;i{±iS 

[0 0 5 6] ^^%2(n>mMm\c^\^x^m\<n>nmM 

[0 0 5 7] Bulk s imm±\m^^init^^ 

<fi. ^^J-^^M^O S O 1 T r ) (7)ct hm^?i^ 
{cm^mm^ \Z^m^ P rof i le^^^i^^ ^ t^T V > 5 ^ 
-g^Jl^ r(75?F*fiifeProfile^^^ i:)^{l::^^?'^V>^.^S 

Ji. hm^llS 7il[TOVthPSi^fc28bi^-r:e->'aA 

[0 0 5 8] W\:^s ^^^'^^-/^M(Dv'^^-< :^(DWf'k 3o 
hmiS3 7cD^i4^b<Dfc:2i?)<;o^^3S^tT5 

r ^ICi 19. (p* Poly Si ) 3 7 

[0 0 5 9] i^. ±M%iiSLU^2(r>nmmx\^^ 

h««i9. 3 7^UTPolySi mg^ffiV>-CV^-5;5S. ^ 
- Vmms. 37 t LTWS ix i^irPoly Si t<02m 
1l^ltcOPolycide^ffiV^-5;l^ t pJt^TfcSo 40 

[0 0 6 0] SO I Tri^S-g^ttN- MO S . B 

ulk T r <Oii^(iP- MOS^CoV^■tlft9gUT*5^?. p 
* Poly Si t^^tSi^^—VmM^ . 3 7^^V^TV^5 
*t3iSl-i: LTUp* Poly Si \Z.mh^'r. ^Jfe^COW 

hos ;55 7"$tiyin*Poly Si 3^fin* Polycide. W 

S ix <D^of^;^^j\^i^^)^^ Y^.m. ^(D^bfJ::^^ 

T i NOJ; pJi^i i5^/^':f'r h7-< K. ^t/wtt so 



10 

ual Gate mHOipJ-P* Poly Si ^^<0W^(0^— 
[006 1] ]i Poly Si 1^ (-y- 9.37 
[0 0 6 2] 

Y mm^^n^ ufcmT- l d d t> u < liius 

[liI®(^ffiWj:l5i?^] 

[lail mi (a) li. 5|5^^9gomi(7>||J6o?^ffi(cJ; 

-Yt^T^-rmx-h^. mi (b) ti. *^§^o^2(o 

[113] rc>^§g(7)^l(^^i£0iJldJ:5¥^^<*:^g^DSl 

[134] w<D^5gomi^O^Jg«»Jtcj:^^#{*^ecoS 
2S;^fe$r^i-t>o-cfct). HI 3 <o?fecoxg^^i-»fffim 

[Iij5] ro^§gi7)Mio^ife{R|{::j;^)^^*3^e(7:)K 
[|Ei6] rco^§gcomic75^Jfe^fcJ:5¥^*^BcoS 
[I2I7] wtD^?gcDmi(7)^te«?i)tcJ;5^^*i^|g(^S 
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mil] :i(D^m(Dmi(om^m\:iX^^^i$imm(D 
^mvh^o 10 

mis] z,(D^m<om2(DmMm{cx^^^mi^mm(o 

[014] :L(D%m(r>m2(oMmM\c^^^^^i^^m(D 

[015] ^(D^m<Dm2(Dmmm\c^^^mi^'&m:(D 

SSit:^&^^-rt>cOT-fcl9. 0 1 4(DiJcOXg<£r^i-»f 20 
S0T&5o 

[016] ^(D^m(Dm2(Dmi&mz^:5^mi^mm:(o 
&jk:fjm^^'th(Dx*h^. mi 5(D»i(DT.u^^'tWT 

mil] z<D^m(Dm2(Dmmm\^x^^^mi^mm(o 

[018] ::<o^m(Dm2<ommm\:ix^^mt^mm(o 

mmxh^o 30 
[019] :z<D^m<Dm2(Dmmm\:ix^^mi^ms(D 



ffi0-efc5o 

S3t;&feS:^-rt><^TfeD> 01 960^5Jc(7)Xg^^-r^ 

mmxh^o 

[02 1] r(7)^§g(^^2i^^t6^!ltCj;;5^®f^^Sco 
Kit:&'fe4r:^i-t>c7)Tfe!9. 0 2 0 60»:OXS^^t-»f 

[02 2] 02 2 (a) fl. 8^5fecO^»«:^HSr^i-Bf 
M0-efcl9. 022 (b) f^. 022 (a) IZTjk-r^m^ 

ifififSPf)^ (AOffittE) ^^-f-l£:*c»f®0-e$)t). 02 2 

(c) 02 2 (b) hm=l3il::^i^^^S 

:'c»rM0-efe^o 
[^-^(??ift^] 

1-i^y =«vgts (Bmw.) . (s i o 

2 M) . 5'-SOI^, hife^b;]^, 9 -Poly s 
i IS. 10-SOIS«. 1 1-7:*- huv^;^ hJK. 1 
3--Si02M. 1 S'-'-^jt hUiy>^ Vm. 17---LD 
D Spacer(Si02 Side Wall Spacer). 19- -:7 

;*-hui^;^hK. 2 1 -SMipfe^ie. 2ia-n:/^^ 
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